Introduction
Seventy-two gravity cores were collected by the U.S. Geological Survey (USGS) in 1990, 1991, and 2000 from San Pablo Bay and Carquinez Strait, California ( fig. 1 ). Fifty-six of the cores were collected in 1990 and 1991 during cruises J-2-90-SF and J-1-91-SF (Anima and others, 2005) (tables 1-3). Cores collected by Anima and others are referred to hereafter as "Anima cores." An additional 16 gravity cores were collected in 2000 during cruise J-2-00-SF (Allison and others, 2003) and these cores are summarized in table 4. Cores collected by Allison and others are referred to hereafter as "Allison cores." Eleven Anima cores could not be located in storage and are referred to in tables 1-3 as "no cores." Whole-round X-radiographs are available for seven of those cores (tables 2 and 3). Logs prepared from the X-radiographs alone are referred to as "skeletal logs." All of the Allison cores are available, eight of them with X-radiographs (table 4). Allison and others (2003) and Anima and others (2005) .
Methods and Description
Details about core collection methods are given in Anima and others (2005) and Allison and others (2003) . Cores longer than 1.5 meters (m) were cut into segments of 1.5 m or less to meet the dimensions of the core-cutter in use at the USGS core analysis laboratory. The top segment of a core is referred to in the descriptions as "A" and the bottom segment as "B." The cores are stored in plastic core liners in a cold room (39°F) at the USGS storage facility at 1010-1050 O'Brien Drive, Palo Alto, Calif. Scanned copies of the core descriptions are available in the associated data release (Woodrow and Wong, 2017) .
Sediments in Anima cores are slightly desiccated but the Allison cores show little desiccation. Sediments in the Anima cores are either completely oxidized or nearly so. Oxidation changes the original black or dark-gray sediment color (Munsell colors N1-N3) to dark grayish-brown or olive (Munsell colors 2.5Y-5Y). Anima cores 90-105, 90-109, and 91-44 include isolated patches of what may be the original dark-gray to black color. Allison cores show little color change. In , oxidation led to deposition on fracture surfaces of thin, bright-red films of what are believed to be crystals of microcrystalline iron oxide. In spite of alteration during storage, the cores are of great value as physical records of lithology, sedimentary structures, sedimentary sequence, and paleontology. These sedimentary features, taken together, provide a record of the environments in which the sediments were deposited.
To provide sediment surfaces for description, cores were split lengthwise into two equal segments. A working split served as the basis for core description. Loose material and gouges were scraped away from the working split with a spatula to provide a clear surface. Working under incandescent lights, sediment color was determined by removing small samples for comparison with a rock-color chart.
An archive split was left undisturbed then wrapped with plastic wrap, taped, sealed in a D-tube and returned to cold storage. After description and sampling, the working split was treated in the same manner.
The lithologic log produced for each split includes: sediment color, carbonate (HCl reaction), sulfide (HCl reaction), sedimentary structures, bedding inclination, stratal type and thickness, shell characteristics and disposition, and details of sedimentary sequence. Descriptive data were supplemented with data from Xradiographs whenever possible.
Although digital color photographs were made of all split cores, the drab, nearly uniform colors of the sediment make it difficult to see lithologic features at the scales necessary for this report so photographs are not included with the graphic logs.
Supplementing lithologic descriptions with data from X-radiographs provides the best basis for assessing these fine-grained sediments. Details of bed geometry and bed relations, positions of shells, the type, position and scale of burrows, deformed strata, and erosion surfaces can be seen best in X-radiographs.
X-radiographs were obtained by using a portable veterinarian's instrument. In the absence of cores, Xradiographs served as the basis for descriptions. Descriptive logs prepared solely from X-radiographs are referred to as skeletal logs. Skeletal logs indicate stratal thickness, sedimentary structures, whole or broken shells, and the location and arrangement of shell material; but sediment color and type cannot be known with certainty.
Optical parallax reduced the value of some X-radiographs. In those cases, the length of a core illustrated in the X-radiograph does not match the length of that core as measured in the core tube. Since most cores showed little desiccation, this difference is not the result of shrinkage. Sediment grain size was determined through use of a grain-size comparator. Most observations were made by naked eye but in a few instances a 10X hand lens was used with the grain-size comparator. However, distinguishing sediment as silty clay or clayey silt remains subjective in the absence of quantitative grain-size data. The distinction is based both on the visual aspect of the sediment and its grittiness as expressed by rubbing a small amount of sediment between thumb and index finger.
Five histograms ( fig. 2 ) illustrate the size distribution of what appears to be sand in these sediments. Descriptive statistics for these five samples are available in table 5. The statistics demonstrate that these samples contain little sand but are actually sandy silts.
Many cores contain shell material most of which is fragmented and often size-sorted. Whole and broken articulated shells were noted in the lithologic logs. Shells and shell debris were identified to phylum level. Those few shells judged not to have been moved after death of the organism were collected for C14 analysis for age determination. 
Main Features of the Sediments San Pablo Bay
Sediments present over most of San Pablo Bay are horizontal, dark laminae of silty clay and clayey silt. By way of contrast, sediments in the San Pablo Bay channel walls, though inclined, are silty muds with little sand. Seismic-reflection studies demonstrate the existence of meter-scale, wave-like bedforms in the main channel near the Richmond-San Rafael Bridge and further east to the Carquinez Strait entrance. We lack samples to assess the sediment in the San Pablo Bay shipping channel or in the Carquinez Strait.
Silty and sandy mud, most of it bioturbated or with vague stratification, makes up as much as 90 percent of the sediment in individual cores. Erosion surfaces at many scales are seen in all of the cores. Most are minor features forming the bottom contact of thin, cross-stratified, silt laminae. More obvious erosion surfaces are evidenced by centimeter-scale, cut-and-fill structures and small channels filled with horizontal or downlapping, silty laminae. Erosion surfaces covered by sand or sand and shell debris, some in centimeter-scale strata, rest on silty clay. These features reflect the effects of waves and tides on bottom sediments in the shallow waters of the bay as discussed by Bever and MacWilliams (2013) .
The shallowest parts of the bay (water depths of 2 meters or less) fall within the tide range, which leaves large areas of bay floor subject to wave effects twice in a 24-hour period. Waves have their greatest effect on the north and northeast shores of the bay where they have shaped the arcuate shoreline. Surficial sediments of the bay are very soft and only slightly lithified, so they are easily eroded, suspended and moved by waves. Nichols and Pamatmat (1988) illustrate wintertime turbidity values much higher than those seen during the rest of the year. The greatest turbidity values are in the northern and southern parts of the bay where mudflats have developed. Krone (1979) estimated that 15 percent of the suspended sediment seen in the bay is derived from local streams with the remainder coming from the Sacramento and San Joaquin Delta through the Carquinez Strait. Erikson and others (2013) provide a quantitative assessment for suspended sediment transport through Carquinez Strait and San Pablo Bay. Large quantities of sandy sediment were introduced to the bay in the 19th century as a result of hydraulic mining. Jaffe, Smith and Torresan (1998) illustrate changes in the bathymetry of San Pablo Bay through an analysis of depth-sounding records made over a 130-year period. Their maps illustrate deposition of sediment early in the period followed by reworking and erosion of that sediment after hydraulic mining ceased and the western Sierra streams were dammed.
Benthic life forms are responsible for many of the characteristics of the sediments in San Pablo Bay, but less so for sediments in Carquinez Strait. Whole and broken bivalve shells, burrows, and bioturbated sediment are found in most of the cores taken in shallow parts both in San Pablo Bay and Carquinez Strait. Thick-walled bivalve shells are most common in the sediments of the Strait whereas thin-walled mussel shells dominate in the muddy sediment of San Pablo Bay.
Individual trace fossils, though common, are subtle features. They are featureless tubes sectioned by the coring process and best seen in X-radiographs. Two types of tubes have been recognized in the cores. Both are circular in cross-section and a few millimeters (mm) in diameter. Tubes of one type are characterized by short, erratic paths that are closely spaced and often cut through one another (cores 90-96, 90-102, and 91-40) . Another type of tube is straight, as much as 10 centimeters (cm) long (core 90-112) with a circular cross-section, and clearly defined walls. The polychaete Sebago elongatus, well known at many locations in San Francisco Bay, may have formed the straight tubes. Both tube types appear to be feeding burrows as described by Seilacher (2007) . The tube paths extend through strata and at the intersection of many burrows the sediment is completely homogenized.
Very small fragments of plant debris and wood are scattered through the sediment. All are dark brown or black. In a few instances organic materials make up entire laminae, but most occur as scattered millimeterscale spots or tiny wood fragments; none are identifiable.
In addition to reworking and redistribution of sediment by wind-driven waves and tides, localized tsunamis generated by earthquakes along the Hayward, Rodgers Creek, or other local faults may have affected sediments of the bay floor. Parsons and others (2003) used hydrodynamic modeling to test the likelihood of a meter-high tsunami widely reported in San Pablo Bay after the Mare Island Earthquake of 1898. Although the model supported the possibility of such waves, the predicted amplitudes were less than those reported. Parsons and others (2003) Although most of the sediments seen in the cores are laminated, some sections appear to be massive both in split cores or X-radiographs. These massive sections may have been bioturbated, suffered soft-sediment deformation, or both. Close inspection of some massive sections discloses tight folding, broken beds, or sharpedged clasts of silty clay floating in a silty clay matrix (cores 90-113, 91-43, 90-93, and 90-94) , all of which suggest soft-sediment deformation.
Epifauna in San Pablo Bay, according to Nichols and Pamatmat (1988) , are restricted to two bivalve species and four mussel species. Nichols and Pamatmat (1988) , also report the infauna of San Pablo Bay as including three amphipod species, and many species of polychaetes and oligochaetes. With this bottomdwelling fauna, it is not surprising that many of the cored sediments exhibit evidence of bioturbation.
Shells and shell debris are important components of many cores. Most of the shells found in cores north of the channel are disarticulated, size-sorted fragments. Shells found in cores south of the channel are less often fragmented and a few shells are whole. Whole shells or shell debris are found in 10 of the 13 Anima cores taken south of the channel. Cores 91-56, 90-102, and 90-108 contain coquinas as much as 20 cm thick. Most of the 18 Allison cores have some shell debris but whole shells are found only in GC-2, GC-4B, GC 4C, and GC-7. Cores 91-56, 90-105, and 90-113 display whole shells in vertical (life?) positions.
Prior to the influx of Europeans to the San Francisco Bay Area, shellfish probably were more diverse and abundant. Native peoples around San Francisco Bay utilized shellfish as a food source as evidenced by the 400+ shellmounds they built (Nelson, 1909) . Bivalves and mussels supported a 19th century shellfish industry. Present-day mining of shells near the San Mateo Bridge is an indicator of the profusion of shelly invertebrates in the older San Francisco Bay ecosystem (Hart, 1966) .
Finely broken-up plant debris or wood fragments are a rare component of the sediments from north of the channel but are more common south of it. Examples are seen in Allison cores GC-2, GC-3 and Anima cores 90-40, 90-43, 90-44, 90-57, and 90-58 . Minute specks of dark organic material of unknown origin are scattered throughout the sediments both north and south of the channel. In a few instances small particles of organic matter are concentrated in individual laminae. Allison core GC-19 contains a wood fragment 2 cm long.
Carquinez Strait
Carquinez Strait is a narrow (1.0-1.5 kilometers [km] wide), sinuous channel extending about 14 km from Suisun Bay on the east to San Pablo Bay on the west (fig. 1) . The Strait is subject to strong ebb tides and seasonal floods from both the Sacramento and San Joaquin Rivers. Twelve Anima cores were collected on the north channel wall and on a small narrow shelf west of Benicia Point (Anima and others, 2005;  fig. 1 ). Attempts to retrieve cores in the middle of the channel were unsuccessful. Grab samples in the main channel disclosed sand and fine gravel.
Six of the [90] [91] [92] were collected either on the north side of the channel wall or at the base of the channel. All are made up of inclined strata containing couplets of fine/medium-grained sand overlain by mud. The inclined strata were most likely deposited as accretion sets developed on channel walls, or as cross-strata in large bedforms like those described by Collinson and others (2006) , Kostic and Aigner (2007) , and Dykstra and Kneller (2009) , or both.
A second group of [90] [91] collected near the top of the channel wall or in the nearby shallows, contain couplets of silty clay above fine sand laminae arrayed as horizontal strata. Sand dominates in the couplets.
Small-scale cross-strata are prominent but rare features of the Carquinez Strait cores. They occur in fine sands and silts in sets less than 2 cm thick in cores 90-87, 90-88, 90-90, and 91-36. Folded strata are seen in cores 91-36 and 90-88. Some strata are broken or otherwise disrupted as shown in core 91-34. The folded and broken strata appear to be the result of soft-sediment deformation.
Most sand beds in both groups of cores rest on sharp basal surfaces, some with small channel forms. Upper surfaces of these sand beds grade into mud but the mud above a few of the sand beds is thin, does not grade into the sands but appears to be draped over the underlying sand bed.
Sediment colors are dark-gray to olive-brown and probably reflect oxidation of what were once darkercolored sediments. Apparent remnants of the original, unoxidized sediments may be seen in the isolated, darkcolored masses in cores 91-36 and 91-39.
Whole bivalve shells (core 90-87) and bivalve shell debris are less common than those seen the San Pablo Bay cores. Examples of shell material in the Carquinez Strait cores are found in the upper parts of cores 90-88 and 90-90. Trace fossils seen in Carquinez Strait cores are common but are small, just a few centimeters in length. Plant material occurs as minute fragments in most cores.
Conclusion
Descriptions of 72 gravity cores demonstrate that flat-lying strata of bioturbated, silty gray mud are the norm over most of San Pablo Bay and Carquinez Strait. Sand beds are rare in the bay and strait but sand with some gravel is found on the floor of the shipping channel. Unlike the flat-lying strata found over most of the bay and strait, some of the strata in the channel walls are inclined. 
